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Abstract 
The role of anthraquinone (AQ) greatly depends on the nature of the cellulosic pulp during alkali 
refining. AQ acts in two ways; firstly penetration within the molecular chains separating them further 
apart leading to their decrystallisation; secondly stabilization of the polysaccharide chains. Cotton 
linter is known by its long macromolecular crystalline chains. The cold refining helps the swelling 
cotton linter and the penetration of AQ leads to decrystallisation of linter even at low AQ 
concentration (namely 0.025%). In comparison with paper Kraft pulp AQ does not reflect a 
considerable change on its characteristics, except on hot refining using higher AQ concentration 
(namely 0.2%). This is due to the nature opening structure of the paper Kraft pulp in addition to the 
hemicellulose content which preferentially stabilized by AQ giving a reasonable increase in the 
pentosan content. This is associated by improving in the reactivity towards xanthation. 
  
Keywords: Cellulosic pulp; paper Kraft pulp; cotton liner, Anthraquinone; alkali refining. 
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1. Introduction 
Dissolving pulps with high alpha cellulose 
content was obtained by treating the bleached pulp 
with concentrated sodium hydroxide solution at 
room temperature (cold refining) or with more 
diluted sodium hydroxide solution at higher 
temperature (hot refining) such treatments raised 
the alpha-cellulose content in the pulp as they 
dissolved the hemicellulose. Cold refining was a 
true extraction phenomenon in which the alkali 
dissolved the hemicellulose from swelling pulp 
without degradation and without consuming the 
alkali [1]. 
However, boiling the cellulose in dilute sodium 
hydroxide solution involved firstly a complicated 
degradation reaction followed by a secondary 
extraction of the degraded products [2]. Complete 
removal of hemicellulose was not possible by the 
hot refining process because side reactions accured 
during the first stage of alkaline degradation which 
stabilized the hemicellulose and further more, 
some of the alpha cellulose may be degraded. The 
previous studies in the literature delt with the 
efficiency of AQ on delignification during alkaline 
pulping [3], however, no attempt showed the role 
of AQ during alkaline refining. The aim of the 
present investigation was to study the role of AQ 
during alkaline refining and the nature of the pulp 
on this role [4]. Two cellulosic pulps were chosen 
for this study which is quietly different in their 
properties namely, cotton linter and paper Kraft 
pulp. Also, the main objective of the present 
investigation was to improve the reactivity of 
cotton cellulose in xanthogenation. This is very 
important since the ability of cotton cellulose to 
form viscose is known to be lower than that of 
wood cellulose [5]. Emulsion xanthation of 
bagasse viscose pulp results in higher solubility 
and lower γ-number of dissolved xanthate than in 
case of cotton linters pulp[6]. 
 
2. Materials & Methods 
2.1. Starting pulp 
Tow types of cellulose were used in this work 
namely, cotton linter and paper kraft pulp. They 
were chosen for their different super molecular 
characteristics. Cotton cellulose is characterized by 
more compact and less accessible fine structure 
than paper Kraft pulp[7]. 
 
2.2. Purification and preparation of pulps 
The linter was purified chemically by soda 
pulping using 1% sodium hydroxide solution at a 
liquor ratio of 20:1 for 2 hr at 100°C.  This was 
followed by hypochlorite bleaching using 1% 
active chlorine (based on linter weight). The 
hypochlorite treatment was carried out for 1 hr at 
40°C.  This was followed by acidification to 
remove the last traces of alkali [1] using 0.5% 
hydrochloric acid at room temperature for 20 
minutes. The paper Kraft pulp, prepared from 
Egyptian bagasse, was kindly supplied by the pulp 
mill of the Egyptian Sugar and distilling company 
at Edfo.  
The paper Kraft pulp was subjected to multi 
stage bleaching. The chlorination was carried out 
at 20°C for 1 hr using 2.5% chlorine (based on 
pulp weight). After chlorination the pulp was 
extracted with 2% sodium hydroxide (based on 
pulp weight) at 40°C for 1.5hr. The pulp was then 
subjected to hypochlorite bleaching. The active 
chlorine in the hypochlorite corresponding to 50% 
of the amount of chlorine supplied in the first step. 
The pulp was then treated with 0.5% hydrochloric 
acid at room temperature for 20 minutes.  
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2.3. Refining Technique 
An amount of bleached cellulosic pulp 
corresponding to 20 gram dry weight was treated 
for 1 hr with sodium hydroxide solution as 
follows: 
Cold refining:  15% sodium hydroxide solution at 
20°C and liquor ratio of 20:1. 
Hot refining:  5% sodium hydroxide solution at 
100°C and liquor ratio of 20:1. 
The samples were then washed well and 
acidified with 1% acetic acid to get ride of any 
excess alkali. Different concentrations of AQ 
namely 0.025, 0.05, 0.10, 0.15, 0.20% were used 
during refining. 
 
2.4. Analysis of refined products 
The α-cellulose was determined according to 
the American Tappi Standards T203 OS-61[8]. The 
average degree of polymerization (D.P) was 
determined by Jayme and Wellm method [9]. The 
hot alkali solubility was determined according to 
Rapson [10].  There are no absolute methods for 
measuring the fine structure of the pulp. However, 
some properties of cellulose give a clear 
comparative indication of its fine structure. The 
best common examples are the degree of swelling 
in water and in sodium hydroxide solution. The 
fine structure also includes the ratio of crystalline 
and amorphous cellulose. In this work the water 
retention value (W.R.V.) was estimated according 
to Jayme [11] and liquor retention value (L.R.V.) 
and sodium hydroxide retention value (NaOH 
R.V.) were determined by allowing the pulp to 
swell in sodium hydroxide solution of mercerizing 
strength at 20°C followed by centrifuging to 
eliminate the excess alkali. The centrifuged pulp 
was weighed, washed with distilled water to 
neutrality, dried to constant weight and weighed 
again. The washing was titrated against standard 
acid. Thus, L.R.V. and NaOH R. V. were 
determined. The degree of crystallinity was 
determined according to Hessler and Power [12]. 
 
2.5. Reactivity towards xanthation 
The basis for the estimation of reactivity is to 
xanthate the pulp under unsuitable conditions 
which result in the formation of viscose containing 
a considerable amount of residual undissolved 
cellulose, the magnitude of which is taken as a 
measure of reactivity. The reason for applying 
insufficient xanthation is to differentiate between 
pulps with small differences in their reactivity.  
In this work, the reactivity towards xanthation 
was carried out by emulsion xanthation, using 0.5g 
pulp, 50 ml of 8% sodium hydroxide solution and 
1 ml carbon disulphide at 25°C. The dissolved 
cellulose in the viscose was determined 
volumetrically and was subtracted from the 
original amount of cellulose according to the 
method of Fock [13]. 
  
2.6. Preparation of viscose and measurement of 
its filterability 
Viscose solutions from 2g pulp samples 
were formed by emulsion xanthation using 100ml 
of 10% sodium hydroxide solution and 4ml carbon 
disulphide. After xanthation the viscose was 
diluted with distilled water till it weighed exactly 
200g and then vigorously shaken.  
The filterability was determined 
according to Centola [14] under modified 
conditions as follows:  25ml of viscose was 
allowed to pass through a sintered glass funnel 
(G1) by suction. The time of filtration was 
recorded. Another 25ml of viscose was allowed to 
pass through the funnel and the time of filtration 
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was again recorded. The ratio between filtration 
the two periods gives an indication of the rate filter 
clogging assuming that the ratio is 1:1 in case of  
zero clogging. 
 
3. Results & Discussion 
3.1. Refining of cotton linters 
It is clear as listed in (Table 1) (Fig. 1-6) that 
hot refining using 5% sodium hydroxide solution 
resulted in slight lower yield, slight lower alpha 
cellulose and lower degree of polymerization 
(D.P.) than cold refining using 15% sodium 
hydroxide solution (experiments 7, 1). It was 
expected that reactivity in xanthogenation would 
be improved, since lower D.P. means short chain 
cellulose macromolecules and hence better 
dissolution in the alkaline solution during 
xanthogenation [7]. However, this was not the 
case and the pulp obtained was characterized by 
lower affinities towards water (W.R.V) and alkali 
(L.R.V and NaOH R.V.) higher crystallinity and 
lower reactivity towards xanthation. This indicates 
that hot refining is more effective than cold 
refining in the depolymerization of cellulose and 
results in a less accessible fine structure, higher 
crystallinity and a lower reactivity towards 
xanthation. This is due to the dissolution of the 
more accessible amorphous part which more 
readily affected by the hot alkali more than the 
higher resisted crystalline part. 
 
3.2. Sodium hydroxide – AQ cold and hot 
refining 
It is clear as shown from (Table 2) (Fig. 7-15) that 
the presence of  AQ increased the yield, α-
cellulose and D.P., it also reduced the hot alkali 
solubility. The presence of AQ resulted in more 
open and accessible fine structure, better reactivity 
in xanthogenation and improved the filterability. It 
is clear that the pronounced effect of AQ on the 
fine structure of the pulp was obtained when 
0.025% of AQ was used during cold and hot 
refining (experiment 2, 8). 
 
Table  1.  Effect of refining of cotton linter properties. 
Experiment No. -- 1 7 
Conc. Of NaOH sol % -- 15 5 
Maximum temp. (°C) -- 20 100 
Time at max. temp. (h) -- 1 1 
Yield (%) -- 99.5 99.4 
α-Cellulose (%) 98.6 99.7 99.4 
Hot alkali solubility (%) 3.8 2.28 1.93 
D. P. 1556 1771 1607 
W. R. V. (%) 45.4 50.3 39.3 
L. R. V. (%) 204 215.6 217 
NaOH R .V. (%) 37.5 40.4 48.7 
Crystallinity (%) 97 80.7 94.9 
Reactivity (% of insoluble cellulose) 81.8 31.2 38.2 
Filterability 2.6:1 1.5:1 1.6:1 
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Fig. 1. Effect of cold and hot refining on the yield (%) 
and  α-cellulose (%) 
Fig. 2. Effect of cold and hot refining on hot alkali 
solubility (%) 
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Fig. 3. Effect of cold and hot refining on D.P. value.   Fig. 4. Effect of cold and hot refining on W.R.V. 
(%) and L.R.V. (%). 
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Fig. 5. Effect of cold and hot refining on the NaOH 
R. V. (%) and crystallinity (%). 
Fig. 6. Effect of cold and hot refining on the 
reactivity (% of insoluble cellulose). 
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Table 2. Sodium hydroxide/AQ refining for cotton linter. 
Experiment 
no. 
1 2 3 4 5 6 7 8 9 10 11 12 
 NaOH % 
 AQ/100g  
 
Max. Temp. 
Time (h) 
15 
-- 
 
20 
1 
15 
0.025 
 
20 
1 
15 
0.05 
 
20 
1 
15 
0.10 
 
20 
1 
15 
0.15 
 
20 
1 
15 
0.20 
 
20 
1 
5 
-- 
 
100 
1 
5 
0.025
 
100 
1 
5 
0.05 
 
100 
1 
5 
0.10 
 
100 
1 
5 
0.15 
 
100 
1 
5 
0.20 
 
100 
1 
Yield (%) 
α-Cellulose % 
Alk.solub. (%) 
D.P.  
W.R.V. (%) 
L.R.V. (%) 
NaOH (R V%) 
Crystallinity% 
Reactivity% of 
insol.cellulose) 
 
Filterability  
99.4 
99.0 
2.28 
1771 
50.3 
215.6 
40.4 
80.7 
31.2 
 
 
1.5:1 
99.2 
99.7 
1.86 
1790 
57.4 
238.7 
48.7 
75.7 
16.3 
 
 
1.13:1 
100 
99.3 
3.1 
1705 
46.3 
213.6 
40.2 
79.5 
17.8 
 
 
1.2:1 
100 
99.4 
2.81 
1770 
50.4 
212.1 
40.3 
80.7 
19.3 
 
 
1.36:1 
100 
99.6 
2.63 
1663 
51.1 
212.9 
41.4 
78.2 
28.3 
 
 
1.48:1 
100 
99.7 
2.5 
1723 
52.3 
218.2 
42.9 
79.0 
36.5 
 
 
1.36:1 
99.4 
99.4 
1.93 
1607 
39.3 
217 
48.7 
94.9 
35.07 
 
 
1.6:1 
100 
99.4 
1.49 
1468 
34.5 
235 
48.3 
94.9 
18.73 
 
 
1.2:1 
100 
99.6 
1.34 
1597 
37.3 
222.9 
46.4 
95.4 
34.1 
 
 
1.51:1 
100 
100 
0.25 
1605 
31.5 
219.5 
45.6 
95.4 
37.5 
 
 
1.6:1 
100 
99.7 
1.48 
1560 
37.3 
217 
44.7 
95.4 
38.3 
 
 
1.4:1 
98.4 
99.8 
1.96 
1364 
30 
214.6 
43.8 
95.8 
41.6 
 
 
1.4:1 
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Fig. 7. Change in yield (%) with increase of AQ 
conc. 
Fig. 8. Change in α-cellulose (%) with increase of 
AQ conc. 
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Fig. 9. Change in hot alkali solubility (%) with 
increase of AQ conc. 
Fig. 10. Change in D. P. with increase of AQ conc. 
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Fig. 11. Change in W. R.V. (%) with increase of 
AQ conc. 
Fig. 12. Change in L. R. V. (%) with increase of 
AQ conc. 
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Fig. 13. Change in NaOH R.V.(%) with increase 
of AQ conc. 
Fig. 14. Change in crystallinity (%) with increase 
of AQ conc. 
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Fig. 15. Change in reactivity (% of insoluble  
cellulose) with increase of AQ conc. 
 
As shown in Table 3 and Fig. 16-21, the presence 
of AQ during both cold and hot refining resulted in 
the same alpha cellulose. However, cold refining in 
presence of 0.025% AQ resulted in higher D.P., 
lower crystallinity and more open and accessible 
fine structure as shown from the values W.R.V. %, 
L.R.V %, NaOH R.V. %. Moreover, the reactivity 
towards xanthation and filterability improved. This 
means that the presences of AQ during refining 
increases the accessibility of the linter and improve 
the chemical reactivity towards xanthation.  The 
best accessibility and reactivity of linters result 
from cold alkali-AQ treatment. It seems that the 
alkali treatment at lower temperature, 20°C, 
enhances the expansion and swelling of the fibers. 
More over, the presence of AQ helps at separate the 
fibers, breaking the hydrogen bonds and providing 
better accessibility of the hydroxyl groups to the 
reactant molecules which gives rise to pulp with 
more open and accessible fine structure.
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. 
Table 3. Comparison between the most reactive pulps cotton linter resulting from 
cold and hot refining in presence of 0.025% anthraquinone/A.Q. 
Experiment No. 2 8 
Conc. Of NaOH sol % 15 5 
Conc. Of AQ/100g based on pulp 0.025 0.025 
Maximum temp. (°C) 20 100 
Time at max. temp. (h) 1 1 
Yield (%) 99.2 100 
α-Cellulose (%) 99.7 99.4 
Hot alkali solubility (%) 1.86 1.49 
D. P.  1790 1468 
W. R. V. (%) 57.4 34.5 
L. R. V. (%) 238.7 235 
NaOH R .V. (%) 48.7 48.3 
Crystallinity (%) 75.7 94.9 
Reactivity (% of insoluble cellulose) 16.3 18.73 
Filterability 1.13:1 1.2:1 
 
 
98.8
99
99.2
99.4
99.6
99.8
100
100.2
Cold refining Hot refining
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2
Cold refining Hot refining
H
ot
  a
lk
al
i s
ol
ub
ili
ty
 (%
)
Fig. 16. Effect of cold and hot refining on the 
yield (%) and α-cellulose (%). 
Fig. 17. Effect of cold and hot refining on hot 
alkali solubility (%). 
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Fig. 18. Effect of cold and hot refining on D.P. 
value.   
Fig. 19. Effect of cold and hot refining on 
W.R.V. (%) and L.R.V. (%). 
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Fig. 20. Effect of cold and hot refining on the 
NaOH R. V.(%) and crystallinity (%). 
Fig. 21. Effect of cold and hot refining on the 
reactivity (% of insoluble cellulose). 
 
3.3. Refining of paper Kraft pulp with cold and 
hot sodium hydroxide solution (Table 4) (Fig. 
22-27) 
Table 4 shows the effectiveness of the alkali 
solution in degrading and solubilizing the short-
chain carbohydrate fraction which resulted in a 
highly decrease in the pentosan content from 
(28.42 to 4.96 and 3.6% in case of cold and hot 
refining respectively) and an increase of alpha-
cellulose from (72.75 to 96.40 and 84.7% in case 
of cold and hot refining respectively) this was 
accompanied by increasing in the D.P. of the 
produced pulp. Moreover, the alkaline refining 
resulted in decreasing of the crystallinity and 
improving the chemical reactivity of the pulp 
towards xanthation as well as filterability. The 
beneficial effects on the alpha-cellulose, 
crystallinity and reactivity was obtained on using 
higher alkaline concentration (15%) at lower 
temperature (20°C). also, it is clear from (Table 4) 
that the application of cold refining using higher 
alkali concentration was more effective than the 
hot refining at lower alkali concentration in 
improving the physical, chemical and sub-
microscopic characteristics of the produced pulp. 
The cold refining resulted in cellulose pulp with 
higher alpha-cellulose content higher D.P., less 
crystallinity and higher chemical reactivity 
towards xanthation. The decreasing of W.R.V., 
L.R.V and NaOH R.V. mostly is due to the higher 
value of the D.P. of such pulp. This was further 
indicated by the low hot alkali solubility value of 
31 AbdElsalam & Abubshait / JTUSCI 2: 22-35 (2009)  
 
Studying the behaviors of cellulosic pulps  
 
such pulp. Thus, the alkali content is more 
efficient than the temperature in the purification of 
the paper Kraft pulp. This could be further 
detected by the lower loss in the yield and the less 
increasing in the alpha-cellulose. 
 
Table 4. Effect of soda refining on Kraft paper pulp properties. 
Experiment No. -- 1 6 
Conc. Of NaOH sol( %) -- 15 5 
Maximum temp. (°C) -- 20 100 
Time at max. temp. (h) -- 1 1 
Yield (%) -- 63.9 75.6 
α-Cellulose (%) 72.75 96.40 84.7 
Hot alkali solubility (%) 30.83 9.14 14.8 
Pentosan (%) 28.42 4.96 3.6 
D. P.  813 1164 905 
W. R. V. (%) 179.8 85.66 110.9 
L. R. V. (%) 320.6 280.51 339.48 
NaOH R .V. (%) 56.11 50.4 62.86 
Crystallinity (%) 78.25 71.91 76.1 
Reactivity (% of insoluble cellulose) 48.8 34.39 43.85 
Filterability 1.9:1 1.7:1 1.53:1 
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Fig. 22. Effect of cold and hot refining on the 
yield (%) and  α-cellulose (%). 
Fig. 23. Effect of cold and hot refining on hot 
alkali solubility (%) and pentosan(%). 
813
1164
905
0
200
400
600
800
1000
1200
1400
Kraft paper pulp Cold refining Hot refining
D.
P
. 
D.P. (%)
 
179.8
85.66
110.9
320.6
280.51
339.48
0
50
100
150
200
250
300
350
400
Kraft paper pulp Cold refining Hot refining   
W. R. V.(%)
L. R. V. (%)
 
Fig. 24. Effect of cold and hot refining on D.P. 
value.   
Fig. 25. Effect of cold and hot refining on 
W.R.V. (%) and L.R.V. (%). 
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Fig. 26. Effect of cold and hot refining on the 
NaOH R. V.(%) and crystallinity (%). 
Fig. 27. Effect of cold and hot refining on the 
reactivity (% of insoluble cellulose). 
 
3.4. Refining of paper Kraft pulp with cold and 
hot alkali AQ solutions (Table 5) (Fig. 28-37) 
In the following experiments the alkali 
treatment was carried out in presence of 0.05, 
0.10, 0.15, 0.20% AQ (based on pulp). It is clear 
that the presence of AQ gave no considerable 
effect on the pulp characteristics specially during 
cold refining AQ seems to act on the cellulosic 
pulp in two ways, the first way was the 
penetration process of AQ molecules within the 
polymer chains and separating them furthermore, 
while the second way was the stabilization effect 
on the more accessible hemicellulose chains, 
which indicated by the increase in pentosans %. 
The lower temperature could not permit the AQ to 
play its role; however, the higher temperature 
enhanced the penetration of AQ in addition of its 
stabilizing effect on hemicellulose fraction. This 
was indicated by the increase in both pentosan 
content and reactivity towards xanthation 
especially with the increase in AQ concentration. 
4. Conclusions 
Effect of pulp characteristics on the role of AQ 
during alkali refining: 
The comparison of the results in (Table 2) and 
(Table 5) reflects a clear picture of the effect of 
pulp nature on the role of AQ during alkali 
refining. The cotton linter is known by its long 
macromolecular crystalline chains.  The lower 
temperature of refining helps the expansion and 
swelling of the cotton fibers. Moreover, the 
presence of AQ helps to separate the fibers, breaks 
the hydrogen bonds and provides better 
accessibility of the hydroxyl groups to the reactant 
molecules which gives rise to a pulp with more 
open and accessible structure.  However, it is not 
the same in case of paper Kraft pulp which have 
some amorphous hemicellulose content even after 
alkali refining. Thus, the presence of AQ does not 
reflect a considerable change on the paper pulp 
characteristics except on hot refining at higher AQ 
concentration. This is due to the already open 
structure of the pulp in addition to the 
hemicellulose content which preferentially 
stabilized by AQ which seems to act on the pulp 
in two ways, the first is the penetration process of 
AQ molecules within the pulp chains and 
separating them furthermore, while, the second 
way is the stabilizing effect on the more 
accessible hemicellose chains which indicated by 
the increase in pentosan%. 
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Table 5. Soda-anthraquinone (A.Q.) refining for paper Kraft pulp. 
Experiment 
no. 
1 2 3 4 5 6 7 8 9 10 
NaOH % 
AQ/100g 
Max.Temperature  
Time at max. 
temp. (h) 
15 
-- 
20 
1 
15 
0.05 
20 
1 
15 
0.10 
20 
1 
15 
0.15 
20 
1 
15 
0.20 
20 
1 
5 
-- 
100 
1 
5 
0.05 
100 
1 
5 
0.10 
100 
1 
5 
0.15 
100 
1 
5 
0.20 
100 
1 
Yield (%) 
α-Cellulose % 
Alkali solub  
Pentosan (%) 
D.P.  
W.R.V. (%) 
L.R.V. (%) 
NaOH R.V. % 
Crystallinity  
Reactivity % of 
insol. cellulose 
Filterability  
63.9 
96.40 
9.14 
4.96 
1164 
85.66 
280.51 
50.4 
71.91 
34.39 
 
1.7:1 
59.7 
96.7 
8.31 
5.6 
1200.18 
86.8 
307.8 
53.4 
74.84 
34.84 
 
1.8:1 
59.4 
96.88 
9.32 
5.84 
1171.2 
86.2 
274.5 
49.2 
75.68 
34.17 
 
1.8:1 
59.3 
97.0 
9.67 
5.36 
1156.8 
89.8 
279.5 
47.9 
74.84 
51.72 
 
1.47:1 
59.7 
96.69 
9.09 
5.42 
1128.2 
92.03 
275.1 
52.1 
75.26 
44.75 
 
1.3:1 
75.6 
84.7 
14.8 
3.6 
905 
110.9 
339.48 
62.86 
76.1 
43.85 
 
1.53:1 
76.4 
81.4 
13.83 
17.07 
895 
115.2 
336.9 
57.7 
81.97 
33.27 
 
1.81:1 
74.99 
86.15 
14.35 
16.14 
975 
112.4 
320.5 
57.3 
81.13 
14.32 
 
1.63:1 
74.9 
82.3 
14.96 
16.29 
1029.6 
100.13 
322.03 
57.5 
81.13 
23.34 
 
1.53:1 
74.8 
84.04 
13.97 
16.32 
1022.4 
105.7 
325.74 
57.52 
80.29 
28.53 
 
1.54:1 
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Fig. 28.  Change in yield (%) with increase of AQ 
conc. 
Fig. 29. Change in α-cellulose (%) with increase 
of AQ conc. 
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Fig. 30. Change in hot alkali solubility (%) with 
increase of AQ conc. 
Fig. 31. Change in pentosan (%) with increase of 
AQ conc. 
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Fig. 32. Change in hot D.P. with increase of AQ 
conc. 
Fig. 33. Change in D. R. V.(%) with increase of 
AQ conc. 
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Fig. 34. Change in L.R.V.  (%) with increase of 
AQ conc. 
Fig. 35. Change in NaOH R. V. (%) with 
increase of AQ conc. 
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Fig.36. Change in crystallinity (%) with increase 
of AQ conc. 
Fig. 37. Change in reactivity (%) with increase of 
AQ conc. 
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